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NOVELTY - A laminate is formed by roll joining of titanium (Ti) layers and 
aluminum (Al) layers alternately so as to form two phases with intermetallic 
compounds (Ti3AI and TiAl). Solid-phase (I) diffusion heating forms AI3Ti and 
a reaction laminate (i). The laminate (i) has AI3TI layer laminated with 
remaining Ti layer with unreactedTi. Solid phase (II) diffusion heating forms 
a 2-phase structure. 

DETAILED DESCRIPTION - A laminate is formed by roll joining of titanium (Ti) 
layers containing Ti and aluminum (Al) layers containing Al alternately so as 
to form 2 phases with main components of intermetallic compounds such as Ti3AI 
and TiAl. The solid phase (I) diffusion heating forms AI3Ti by reacting Ti of 
the TI layer and Al of the Al layer and maintaining at a temperature below the 
melting point of Al by applying pressure continuously and intermittently at 3% 
or more of the total pressure, and a reaction laminate (i). The laminate (i) 
has AI3Ti layer laminated with remaining Ti layer containing unreacted Ti. The 
solid phase (II) diffusion heating forms a 2-phase structure which makes Ti3AI 
and TiAl as main phase by heating and maintaining the reaction laminate (i). 

An INDEPENDENT CLAIM is also included for Ti-AI group intermetallic compound 
board in which almost the whole region in horizontal direction consists of 
Ti3AI/TiAI lamella grain structure. The lamella grain structure has Ti3AI/TiAI 
lamella, oriented almost in parallel with the board surface, as main portion. 

USE - Manufacture of Ti-AI group intermetallic compound board used as 
lightweight heat resisting material. 

ADVANTAGE - The Ti-AI group intermetallic compound board is manufactured easily 



and efficiently. The board has favorable mechanical capability on its surface 
good practicability. The board is effectively utilized as light weight heat 
resisting material. 
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ABSTRACT: 

PROBLEM TO BE SOLVED: To provide a method for producing a Ti-AI 
intermetallic compound sheet easily producible with ordinary rolling mill and 
to provide the intermetallic compound sheet. 

SOLUTION: The method consists of a rolling pressure welding process in which 
a laminated sheet is obtained by alternately laminating a Ti layer and an Al 
layer so that the main phase of an intermetallic compound becomes the two phase 
structure of Ti3AI and TiAl, the first solid phase diffusion heat treatment 
process in which, under continuously or intermittently applied pressure at the 
total draft of 
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DETAILED DESCRIPTION 

{Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to an Ti-aluminum system intermetallic-compound board 

suitable as a lightweight heat-resisting material etc., and its manufacture method. 

[0002] 

[Description of the Prior Art] TiAl and Ti3 aluminum The Ti-aluminum system intermetallic compound which has 2 phase 
organizations is a material expected as a lightweight heat-resisting material, and can use the intermetallic-compound board for 
various uses. 

[0003] That an Ti-aluminum system alloy tends to oxidize, although to manufacture an Ti-aluminum system 
intermetallic-compound board by the dissolution rolling-out method for carrying out the arc dissolution, casting an Ti-aluminum 
system alloy, and rolling out the ingot is tried, since it is lacking in ductility, the manufacture method has still stopped at the 
experiment stage, and the Ti-aluminum system intermetallic-compound board with practicality producible industrial now is not 
obtained. 

[0004] Moreover, although powder-metallurgy processing which carries out compacting to the configuration which approximated 
the mixed-powder end of Ti powder and aluminum powder to the product configuration as the manufacture method of an 
Ti-aluminum system intermetallic compound and which is sintered by solid phase diffusion is also tried, expensive Ti powder is 
needed, and it is inferior to productivity, and is not suitable for manufacture of the plate of a large area primarily. 
[0005] 

[Problem(s) to be Solved by the Invention] As mentioned above, the dissolution rolling-out method and powder-metallurgy 
processing are unsuitable for manufacturing an Ti-aluminum system intermetallic-compound board industrially, and it has not 
resulted in the practical use stage. 

[0006] In addition, although the method of pressing down the layered product which carried out the laminating of nickel foil and 
the Ti foil by turns, performing solid phase diffusion heat treatment and liquid phase diffusion heat treatment to this 
pressing-down plywood, and manufacturing a nickel-Ti intermetallic-compound board is indicated by JP,7-54068,A The 
nickel-Ti intermetallic compound and Ti3 aluminum which are a single phase organization As for the Ti-aluminum system 
intermetallic compound which is 2 phase organizations with TiAl, organizations essentially differ. Moreover, there is no place 
indicated and suggested about the point of manufacturing an Ti-aluminum system intermetallic-compound board at the 
aforementioned official report by being made from Ti of a high-melting point and aluminum of the low melting point. 
[0007] this invention is made in view of this problem, and it aims at offering the Ti-aluminum system intermetallic-compound 
board excellent in the manufacture method of an Ti-aluminum system intermetallic-compound board of having excelled in 
practicality as a industrial process, and the mechanical property of the direction of a plate surface. This purpose is attained by the 
following invention. 
[0008] 

[Means for Solving the Problem] The manufacture method of the Ti-aluminum system intermetallic-compound board of this 
invention As indicated to the claim 1, the main phase of an intermetallic compound is Ti3 aluminum. The rolling junction process 
that aluminum layer which consists of a Ti layer which consists of Ti so that it may become 2 phase organizations of TiAl, and 
aluminum produces the layered product by which the laminating was carried out by turns by rolling junction, Carry out heating 
maintenance, Ti of the aforementioned Ti layer and aluminum of the aforementioned aluminum layer are made to react to the 
temperature of under the melting point of aluminum, pressurizing the rate of the bottom of total pressure continuously as 3% or 
more, or intermittently, and it is aluminum3Ti. It is made to generate. The 1 st solid phase difiusion heat treatment which forms the 
1 st reaction layered product to which the laminating of the aluminum3Ti layer which consists of a residual Ti layer which consists 
of unreacted Ti, and aforementioned aluminum3Ti was carried out, Heating maintenance of the aforementioned 1st reaction 
layered product is carried out, and it is Ti3 aluminum. It has the 2nd solid phase diffusion heat treatment which forms 2 phase 
organizations which make TiAl the main phase. 

[0009] According to this invention, since a layered product is produced by rolling junction, if the plywood of a tabular with a 
large surface area can be easily obtained with the usual rolling facility and it lengthens, the Ti-aluminum system 
intermetallic-compound board of a large area can be easily manufactured by performing the 1 st solid phase diffusion heat 
treatment and the 2nd solid phase diffusion heat treatment, by the way, aluminum of aluminum layer and Ti of Ti layer - reacting 
— aluminum3Ti Ti and aluminum besides the opening (void) according to a Kirkendall effect in case it generates — and ~ Based 
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on a difference of each crystal structure of alurninum3Ti, about 3% of volume decrease arises, a lot of openings occur, and in 
being remarkable, ablation arises. For this reason, even if it only performs solid phase difiusion heat treatment at the temperature 
of under the melting point of aluminum, a reaction is suppressed for an opening and unreacted aluminum comes to remain. When 
there is survival aluminum, in case it is the 2nd solid phase diffusion heat treatment, Survival aluminum flows out of a layered 
product, and an Ti-diiminum system intermetallic compound is not obtained. Heating maintenance of the aforementioned layered 
product is carried out at the temperature of under the melting point of aluminum, pressurizing the rate of the bottom of total 
pressure 3% or more continuously [ it is desirable and ] as 5% or more, or intermittently that the rate of volume of a layered 
product should be reduced 3% or more in the case of the 1st solid phase diffusion heat treatment which makes aluminum3Ti 
generate in this invention. Consequently, it is a residual Ti layer, suppressing or preventing generation of an opening. An 
aluminum3Ti layer can form easily the 1 st reaction layered product by which the laminating was carried out. since aluminum is 
not substantially contained in this 1 st reaction layered product, in the 2nd solid phase difiusion heat treatment after the 1 st solid 
phase diffusion heat treatment, heating maintenance can be carried out at the elevated temperature beyond the melting point of 
aluminum -- the Ti-aluminum system intermetalhc-compound board which consists of 2 phase organizations which make a 
Ti3 aluminum phase and a TiAl phase the main phase can be manufactured easily and efficiently 

[001 0] Moreover, as indicated to the claim 2, the aforementioned 2nd solid phase difiusion heat treatment carries out heating 
maintenance of the aforementioned 1st reaction layered product at the temperature of less than 882 degrees C, and describes it 
above with Ti of the aforementioned residual Ti layer. aluminum3Ti of an aluminum3Ti layer is made to react. Ti3alurninum and 
TiAl are made to generate. The TiAl layer which makes Above TiAl the main phase with the Ti3 aluminum layer which makes 
this Ti3aluminum the main phase can consider as heat treatment which forms the 2nd reaction layered product by which the 
laminating was carried out. According to the 2nd solid phase diffusion heat treatment indicated to this claim 2, since a heating 
retention temperature is less than 882 degrees C, Survival Ti (alphaTi) metamorphoses and does not grow up to be betaTi from 
which the crystal structure completely differs. Therefore, have held the orientation of the specific crystal face to parallel mostly at 
the plate surface. The 2nd reaction layered product of the structure where the laminating of a Ti3diiminum layer and the TiAl 
layer was carried out in layers can be obtained easily. This 2nd reaction layered product can be used as an Ti-aluminum system 
intermetallic-compound board with which it has the layer structure, and the crystal orientation of each class has a good 
mechanical property because it is parallel to a plate surface in general. 

[001 1] Moreover, as indicated to the claim 3, the amount of openings under organization can be decreased by perforating the 
back-cooled 3rd solid phase diffusion heat treatment to which carried out heating maintenance of the aforementioned 2nd reaction 
layered product in alphaTi single phase temperature region, and each phase of the aforementioned 2nd reaction layered product 
was made to metamorphose into alphaTi phase. Moreover, orientation was mostly carried out to parallel over the simultaneously 
whole region of the direction of board thickness at the plate surface. Let a Ti3 aluminum/TiAl lamellae be a subject. The 
Ti-aluminum system intermetallic-compound board which consists of a Ti3 aluminum/TiAl lamellae grain organization can be 
obtained easily. This intermetallic-compound board is excellent in the mechanical property of the crystal structure, therefore the 
direction of a plate surface. 

[001 2] Moreover, as indicated to the claim 4, it is the aforementioned 2nd reaction layered product. An Ti-aluminum system 
intermetallic-compound board with the good mechanical property which decreased the opening under organization can be 
obtained easily, holding the orientation and the lamellar structure of a crystal by performing the 4th solid phase difiusion heat 
treatment which carries out heating maintenance to the temperature of under the eutectoid transformation point of Ti3aluminum 
and TiAl, or the coexistence temperature region of alphaTi and TiAl. 

[0013] Moreover, as the aforementioned 2nd solid phase difiusion heat treatment, as indicated to the claim 5 By carrying out 
heating maintenance of the aforementioned 1 st reaction layered product in alphaTi single phase temperature region, making each 
phase of the aforementioned 1st reaction layered product metamorphose into alphaTi phase, and cooling after that Since Survival 
Ti once metamorphosed into betaTi, the orientation of a crystal randomized, therefore eutectoid transformation generated. 
Although the orientation of a Ti3 alurninunVTiAl lamellae is also randomized The Ti-aluminum system intermetallic-compound 
board which has the Ti3 aluminum/TiAl lamellae grain structure can be manufactured easily. 

[0014] Moreover, as indicated to the claim 6, by making the aforementioned layered product into the structure which consists of 
odd layers by which Ti layer or aluminum layer has been arranged symmetrically to a main layer, the heat deformation resulting 
from the coefficient-of-thermal-expansion difference of Ti and aliiminum can be prevented, the manufacture trouble resulting 
from heat deformation can be prevented, and productivity can be raised. In this case, since all aluminum layers will be in the state 
where it was pinched by Ti layer, by using an outermost layer of drum as Ti layer, aluminum of all aluminum layers is made to 
react reasonable in the case of the 1 st solid phase difiusion heat treatment. aluminum3Ti can be made to be able to generate and 
survival of unreacted aluminum can be prevented. Moreover, even if unreacted aluminum should remain, the defluxion can be 
prevented in the case of elevated-temperature heat treatment, and the manufacture yield of an expected Ti-aluminum system 
intermetallic-compound board can be raised. 

[001 5] For the Ti-aluminum system intermetallic-compound board of this invention, as indicated to the claim 7, the 
simultaneously whole region of the direction of board thickness is substantially. Consisting of a Ti3 aliimmurn/T iAl lamellae grain 
organization, the aforementioned lamellae grain organization did orientation to parallel mostly at the plate surface. Since a Ti3 
aluminum/TiAl lamellae is made into a subject, it excels in the mechanical property of the direction of a plate surface. 
[0016] Moreover, since the laminating of the TiAl layer which makes the main phase the Ti3aluminum layer which makes a 
Ti3 aluminum phase the main phase, and a TiAl phase is carried out to a macro target in the direction of board thickness as 
indicated to the claim 8, other Ti-aliiminum system intermetallic-compound boards of this invention are equipped with a good 
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mechanical property as compared with the conventional intermetallic-compound board with the homogeneous interior of board 

thickness. 

[0017] 

[Embodiments of the Invention] The Ti-aluminum system intermetallic-compound board hereafter applied to this invention 
obtained by the manufacture method of the Ti-aluminum system intermetallic-compound board of this invention and this 
manufacture method is explained in detail. 

[0018] In order to enforce the manufacture method of this invention, aluminum layer which consists of a Ti layer which consists 
of Ti according to a rolling junction process, and aluminum first produces the layered product by which the laminating was 
carried out by turns. Rolling junction of the proper number of sheets is carried out for Ti sheet metal and aluminum sheet metal in 
piles, the aforementioned rolling junction process obtains the laminating material of two or more layers, and the aforementioned 
laminating material is suitably doubled in several [-fold ], and it carries out rolling junction so that Ti layer and aluminum layer 
may be arranged further by turns. What is necessary is just to perform the rolling reduction per rolling at about 25 - 50% 
preferably 20 to 60% that what is necessary is just to perform rolling junction between the colds. In order that after rolling 
junction may raise the bonding strength of each class, it is good that for temperature below the melting point of aluminum to be 
performed in inert gas atmosphere, such as argon gas, and it is made to perform homogenizing for several minutes - about about 
ten minutes for a laminating material or its jointing material at about 600 degrees C. 

[001 9] Since a combustion reaction will come to arise in the case of the below-mentioned homogenizing in a rolling junction 
process if thickness is too thin, the thickness of each class of the aforementioned layered product is 2 micrometers. It is good 
above to make it 5 micrometers or more preferably. On the other hand, since solid phase diflusion heat treatment mentioned later 
will take a long time and it will come to spoil industrial productivity if too thick, it is 50 micrometers. It is 30 micrometers 
preferably hereafter. It is good to make it below. In addition, the thickness of each class of the aforementioned layered product can 
be adjusted by cold-rolling suitably to the back in the middle of a rolling junction process. 

[0020] Although the number of each class of Ti layer of the aforementioned layered product and aluminum layer can be set up 
arbitrarily, it sets in the thickness direction (the direction of a laminating) of a layered product. It is necessary to set up 
Ti-aluminum composition so that 2 phase organizations of Ti3aluminum and TiAl may be obtained, as the average composition 
from which 2 phase organizations are obtained - at% - Ti: - it is about (remainder aluminum) 60 - 52% preferably 65 to 52% 
[002 1] But as for the number of layers of the aforementioned layered product, it is good to consider as odd number preferably and 
to make it Ti layer come to an outermost layer of drum. Thus, heat deformation of the curvature which originated the main layer in 
the coefficient-of-thermal-expansion difference on the occasion of the below-mentioned solid phase difiusion heat treatment by 
arranging Ti layer and aluminum layer symmetrically [ with the thickness direction ] as a center can be prevented. Moreover, 
since aluminum layer is surely pinched by Ti layer, it comes to react easily certainly with Ti in the case of the below-mentioned 
1st solid phase diffusion heat treatment, and it can prevent survival of unreacted aluminum. Moreover, even if unreacted 
aluminum should remain, the defluxion can be prevented in the case of elevated-temperature heat treatment. 
[0022] Next, as for the layered product produced by the rolling junction process, the 1st solid phase diflusion heat treatment is 
performed, this 1 st solid phase diffusion heat treatment - the temperature of under the melting point of aluminum -- desirable - 
630-500 degrees C - more - desirable - the temperature of about 620-550 degrees C - it is - 40min - until hold about 10 hrs, 
it makes Ti of Ti layer of the aforementioned layered product, and aluminum of aluminum layer react and aluminum is lost 
fundamentally It is the processing which makes aluminum3Ti generate. For example, when setting average composition to 
Ti-45at%aluminum, Ti reacts as all aluminum by the following formula. aluminum3Ti generates and unreacted Ti remains. The 
1st reaction layered product the aluminum3Ti layer which consists of Ti layer and the aluminum3Ti phase which consist of 
survival Ti with the 1st solid phase diffusion heat treatment after all carried out [ the layered product ] the laminating is obtained. 
55Ti+45aluminum->40Ti+l 5aluminum3Ti[0023] By the way, Ti, aluminum, and aluminum3Ti It is aliiminum3Ti if a volume 
change is calculated in consideration of a lattice constant from the crystal structure. A volume decrease happens at the reaction at 
the time of generating, and the percentage reduction becomes 3.2% in the case where it is the aforementioned instantiation 
composition. Along with a residual Ti layer, a lot of openings (void) are formed of the aforementioned volume change besides a 
Kirkendall effect, and the aforementioned diffusion reaction comes to be prevented. Moreover, in being remarkable, it also invites 
ablation of a layer. The 3.2% of the aforementioned rates of a volume decrease is Ti3 aluminum although it is the case of 
Ti-45at%aluminum. The component range from which 2 phase organizations with TiAl are obtained is considered that about 3 - 
4% of opening is formed in general. In addition, since the laminating of aluminum layer and the Ti layer is carried out in the 
thickness direction, the decrement of the aforementioned rate of volume can be considered as a percentage reduction of the 
direction of board thickness. 

[0024] For this reason, at this invention, it is alurninum3Ti in the case of the 1st solid phase difiusion heat treatment. In case it 
generates, a layered product is preferably pressed down for the rate of the bottom of total pressure continuously or intermittently 
as 5% or more 3% or more that the opening formed should be eliminated. An opening is eliminated by this and it is aluminum3Ti. 
A generation reaction is promoted. You may give preferably the lightly pressurizing [ several % or about about ten% of] at 
intervals of several minutes or dozens of minutes several times or more, or may make it always add the compressive load of about 
10-70 MPas to a layered product in the middle of heat treatment at a layered product as the pressing-down method in the case of 
the aforementioned 1st solid phase difiusion heat treatment. In addition, a rolling reduction (%) means a (board thickness 
decrement) / (initial board thickness) xl 00. 

[0025] Next, it is Ti3 aluminum to the 1 st reaction layered product obtained by the aforementioned 1 st solid phase difiusion heat 
treatment. The 2nd solid phase diflusion heat treatment which forms 2 phase organizations which make TiAl the main phase is 
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performed. If the previous example of composition explains, the reaction in this 2nd solid phase diffusion heat treatment can be 
expressed with the following formula. In addition, at this reaction, the volume of the whole phase becomes about 2% of increase. 
40Ti+15alurninum3Ti ->5Ti3aliiminum+40TiAl[0026] Carry out heating maintenance of the aforementioned 1st reaction layered 
product at the temperature of less than 882 degrees C, make Ti of the aforementioned residual Ti layer, and aluminum3Ti of the 
aforementioned aluminum3Ti layer react as this 2nd solid phase diffusion heat treatment, and Ti3 aluminum and TiAl are made to 
generate, this - The TiAl layer which makes Above TiAl the main phase with the Ti3 aluminum layer which makes Ti3aluminum 
the main phase can take heat treatment which forms the 2nd reaction layered product by which the laminating was carried out. 
[0027] the feature of this heat treatment -- Ti-aluminum of drawing 1 -- duality - it is in the point that the 2 aforementioned phase 
organizations can be obtained, without making Survival Ti (alphaTi) metamorphose into betaTi so that I may be understood from 
TI line described into the system state diagram If the crystal structure metamorphoses into remarkably different betaTi from 
alphaTi, although the orientation of a crystal will be confused and grain growth will be caused and made big and rough, 2 phase 
organizations can be obtained maintaining the orientation (many being parallel mostly at the plate surface.) of the crystal of 
alphaTi without making crystal grain turn big and rough according to this heat treatment. And in order for a Ti3 aluminum phase 
to generate from the portion which mainly has Survival Ti and to generate an AITi phase from the portion of aluminum3Ti, it is 
on a macro target. The 2nd reaction layered product of the layer structure in which the Ti3 aluminum layer and the TiAl layer 
carried out the laminating can be obtained. That is, this layered product becomes good [ the mechanical property of the direction 
of a plate surface ] for the orientation of the layer structure and crystal face. In addition, this 2nd reaction layered product makes 
one mode of the Ti-aluminum system intermetallic compound of this invention. 

[0028] It is desirable to perform heating maintenance of the aforementioned 2nd solid phase diflusion heat treatment in a vacuum 
for antioxidizing. Moreover, although what is necessary is just to set it as less than 882 degrees C in order to make it alphaTi not 
metamorphose into betaTi, when the stability of processing is taken into consideration, it is preferably good [ a heating retention 
temperature ] to make [ 870 degrees C or less ] it more preferably 860 degrees C or less. Moreover, when the efficiency of solid 
phase diflusion is taken into consideration, it is desirable to set it as 800 degrees C or more. What is necessary is just to set the 
heating holding time to about 1 5-25 hrs, when carrying out heating maintenance at the temperature of 800 degrees C or more. 
[0029] In this invention, the 3rd solid phase diflusion heat treatment which carry out heating maintenance of the 2nd reaction 
layered product obtained by the aforementioned 2nd solid phase diflusion heat treatment further in alphaTi single phase 
temperature region, and each phase of the aforementioned 2nd reaction layered product is made to once metamorphose into 
alphaTi phase, and is cooled after that can be performed. The upper limit should just be temperature which betaTi phase does not 
produce that heating temperature should just be temperature from which alphaTi single phase organization is obtained in short, 
without the liquid phase arising. It is desirable to perform heating maintenance in a vacuum for antioxidizing, and about 5-1 5 hrs 
are desirable [ the holding time ] so that big and rough-ization of crystal grain may not arise while the holding time makes all 
organizations metamorphose into alphaTi single phase organization. 

[0030] By performing this 3rd solid phase diflusion heat treatment, as T2 line of drawing 1 shows Once metamorphosing into 
alphaTi, in case an eutectoid transformation point (1118 degrees C) is passed, eutectoid transformation is started, and it is 
Ti3 aluminum. Since TiAl serves as a lamellae grain organization stratified in micro and the orientation of many lamellaes is 
moreover parallel mostly at a plate surface, The Ti-aluminum system intermetallic-compound board which has the mechanical 
property which was excellent in the direction of a plate surface can be obtained. Moreover, it also sets, when a part of 
intermediate-reaction product (for example, duminum2Ti) and unreacted Ti remain in the 2nd reaction layered product, and it is 
completely Ti3aluminum about these. The opening which could be made to react to TiAl and remained can be decreased or 
vanished more, and the quality of an intermetallic compound can be raised. In addition, although pro-eutectoid [ TiAl ] (gamma) 
generates according to the fall of temperature from alphaTi in hypereutectoid composition, it is confirmed by this invention person 
that this gamma phase deposits in the shape of a lamellae. 

[003 1] As heat treatment to the aforementioned 2nd reaction layered product, as T3 line of not only the above-mentioned 3rd 
solid phase diflusion heat treatment but drawing 1 shows, it is Ti3 aluminum about the 2nd reaction layered product. The 4th solid 
phase diflusion heat treatment which carries out heating maintenance at the temperature of under an eutectoid transformation 
point (1118 degrees C) with TiAl or the coexistence temperature region of alphaTi and TiAl (gamma) can also be performed. 
Since a heating retention temperature has the good higher one from promotion of a reaction, as for a rriinimum, considering as 
about 1000 degrees C is more desirably desirable 960 degrees C. But since the coexistence temperature region with gamma 
reaches to an elevated-temperature field as alphaTi, it is desirable to process at the temperature of under an eutectoid 
transformation point from big and rough-ized prevention of crystal grain and a viewpoint of maintenance of a macro target 
laminated structure. It is desirable to also perform heating maintenance in this 4th solid phase diflusion heat treatment in a 
vacuum, and about 10-25 hrs of the holding time are desirable so that big and rough-ization of crystal grain may not arise. The 
quality intermetallic compound to which an intermediate-reaction product etc. did not arise, and the opening also decreased or 
disappeared with this 4th solid phase diflusion heat treatment, mamtaining the layer structure of the 2nd reaction layered product 
and the orientation of the direction of a plate surface of a crystal to some extent can be obtained. 

[0032] The above 3rd and the 4th solid phase diflusion heat treatment are the Ti3aluminum phase obtained by perfonning the 2nd 
solid phase diflusion heat treatment. Heat treatment to the 2nd reaction layered product which makes a TiAl phase the main phase 
is shown. On the other hand, as 2nd solid phase diflusion heat treatment, without carrying out heating maintenance of the 1 st 
reaction layered product at the temperature of less than 882 degrees C Heat treatment cooled after heating maintenance at the 
temperature of alphaTi single phase temperature region of eutectoid ******** of Ti3 aluminum and TiAl (it is called alpha heat 
treatment.) ****** ~ good the [ or ] - 1 reaction layered product - under an eutectoid transformation point or alpha -- heat 
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treatment (it is called beta heat treatment.) cooled after heating maintenance at the temperature of the coexistence temperature 
region of Ti and gamma You may carry out. Although the target reaction layered products differ, as a view of the heat treatment 
method, alpha heat treatment is equivalent to the aforementioned 3rd solid phase diffusion heat treatment, and beta heat treatment 
is heat treatment corresponding to the aforementioned 4th solid phase difiusion heat treatment, and it can set it up like the above 
3rd and the 4th solid phase difiusion heat treatment about the heating temperature and time. But in alpha heat treatment, it is 
alurninum3Ti. It is necessary to carry out heating maintenance at the temperature of less than 1 3 87 degrees C so that it may not 
become the liquid phase. 

[0033] It is Ti3aliiminum although the orientation of a crystal parallel to a plate surface will also be spoiled since in the 
aforementioned alpha heat treatment and beta heat treatment crystal grain turns big and rough and Survival Ti (alphaTi phase) 
once metamorphoses into betaTi phase. The Ti-aluminum system intermetallic-compound board which has 2 phase organizations 
which make TiAl the main phase can be obtained easily. 

[0034] Hereafter, although an example explains this invention further, this invention is not interpreted in limitation according to 

this example. 

[0035] 

[Example] Example 1 (1) After deleting coarsely the front face of a rolling junction process unalloyed ti board and a pure 
aluminum board using a metallic brush, the deleted fields were piled up, it cold-rolled at 30% of rolling reductions, and the 
two-layer material to which 600 degrees C and homogenizing for 1 0 minutes were performed in argon atmosphere, and both 
layers stuck the composite to which the pressure welding of Ti layer and the aluminum layer was carried out was obtained after 
that. The six-layer material was obtained by making three sheets pile up mutually, carrying out rolling junction, and carrying out 
homogenizing of this two-layer material so that Ti layer and aluminum layer may lap by turns. The layered product which consists 
of 55 layers so that Ti layer and aluminum layer may finally pile up by turns and both outermost layers of drum may turn into Ti 
layer was produced. At that time, board thickness was set to Ti board:0.25mm and aluminum board:0.20mm so that average 
composition of a layered product might serve as Ti-4 5. 5 at% aluminum, moreover, the average thickness of Ti layer of the layered 
product finally obtained 17 micrometers the average thickness of aluminum layer -- 1 3 micrometers it was . 
[0036] (2) A total of one hr heating maintenance was carried out at 600 degrees C to the layered product of the 1st solid phase 
difiusion heat treatment aforementioned 55 layers. Under the present circumstances, as shown in drawing 2 , hot rolling of 10 - 
3% of rolling reductions was performed 6 times at intervals of 10 minutes. It gazed at the macro target cross-section organization 
of the 1 st reaction layered product obtained by this heat treatment by SEM. The result is shown in drawing 3 . Since it was 
confirmed from analysis by EPMA that aluminum has reacted completely, it turns out that the layer observed is a residual Ti layer 
which consists of an aluminum3Ti layer which consists of alurninum3Ti, and unreacted Ti. Moreover, the linear opening extended 
in the direction of a plate surface was accepted. 

[0037] (3) 20hr maintenance of the 1 st reaction layered product of the 2nd solid phase diffusion heat treatment above was carried 
out at 850 degrees C in the vacuum. Under the present circumstances, in order to prevent that heat deformation (curvature) arises 
in a layered product, the weight of the piece of stainless steel was laid in the 1 st reaction layered product through the ceramic 
board. The compressive stress concerning the aforementioned layered product was about 3 kPas. The aforementioned ceramic 
board is for preventing the reaction of weight and the 1st reaction layered product. It gazed at the cross-section organization of the 
2nd reaction layered product obtained by this heat treatment by SEM. The result is shown in drawing 4 . The 2nd reaction layered 
product is mainly a TiAl phase. Although the structure where the laminating of the Ti3 aluminum phase was carried out in the 
thickness direction was shown, TI of a minute amount and aIuminum2Ti remained, and the detailed opening was observed. 
[0038] (4) In the vacuum, at 1 300 degrees C, lOhr maintenance was carried out and the 3rd solid phase difiusion heat treatment 
and the 2nd reaction layered product of the 4th solid phase difiusion heat treatment above were annealed (the 3rd solid phase 
difiusion heat treatment). It gazed at the micro cross-section organization of the intermetallic-compound board obtained by this 
heat treatment by SEM. The result is shown in drawing 5 . As shown in drawing 5 , TiAl (gamma) / Ti3 aluminum (alpha 2) 
lamellar organization grain the lamellae carried out [ grain ] orientation to the plate surface mostly at parallel were observed. 
Moreover, about an opening, the linear opening was lost as compared with the 2nd reaction layered product, and there were also 
few amounts of openings. On the other hand, the aforementioned 2nd reaction layered product was annealed after lOhr 
maintenance at 1 100 degrees C in the vacuum (the 4th solid phase difiusion heat treatment). It gazed at the macro target 
cross-section organization of the intermetallic-compound board obtained by this heat treatment by SEM. This observation result is 
shown in drawing 6 . From drawing 6 , although the laminated structure of the direction of board thickness collapsed rather than 
the 2nd reaction layered product, the laminated structure was maintained as a whole by the macro target. Moreover, about the 
opening, although observed comparatively mostly near the front face, only the detailed opening was observed inside. 
[0039] Example 2 (1) The layered product which consists of 55 layers was produced like the rolling junction process 
aforementioned example 1. 

[0040] (2) To the layered product of the 1st solid phase difiusion heat treatment aforementioned 55 layers, the compressive stress 
of 50MPa(s) was added in the vacuum, and 5hr heating maintenance was carried out at 600 degrees C. 
[0041] (3) 20hr maintenance of the 2nd solid phase difiusion heat treatment length, then the 1st reaction layered product was 
carried out at 850 degrees C. Under the present circumstances, it was made to decrease from 50MPa(s) to 10MPa(s), and 
compressive stress was held by after that lOMPa. Mean compressive stress was 22MPa(s). It was the grade as which the 2nd 
reaction layered product obtained as a result is making the layer structure the macro target, and most openings are not observed, 
but few linear openings are regarded locally. Moreover, the phase observed by EPMA analysis is Ti, aluminum3Ti, and 
aluminum2Ti in part, although the main phase was with Ti3 aluminum and TiAl. It accepted and the reaction was slow as 
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compared with the 2nd reaction layered product of the 1st example. This is Ti and Ti3 aluminum. It is guessed because the 
increase in volume produced in case two phases generate was suppressed with the compressive load. Therefore, the stage of the 
1st solid phase difiusion heat treatment is enough as addition of a compressive load, and it is effective to stop to addition of the 
light load of a grade which prevents curvature generating of a layered product in the 2nd solid phase difiusion heat treatment. 
[0042] (4) The 2nd reaction layered product of the 3rd solid phase difiusion heat treatment above was annealed after 1 Ohr 
maintenance at 1 300 degrees C in the vacuum. As a result of carrying out organization observation of the cross section of the 
obtained layered product in SEM, a full lamellar organization is observed, the intermetallic-compound board which whose 
amount of openings is very also a minute amount, and was excellent in soundness is obtained, and it is **♦*. 
[0043] 

[Effect of the Invention] According to the manufacture method of this invention, using the usual rolling facility, an Ti-aluminum 
system intermetallic-compound board can be manufactured easily and efficiently, and it excels as the industrial manufacture 
method. Moreover, the Ti-aluminum system intermetallic-compound board of this invention has the good mechanical property of 
the direction of a plate surface, and it is excellent in practicality. 
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